Purpose: Subjective tinnitus is a common symptom with potentially negative impact on quality of life. More research is required to gain a deeper understanding of the disease and its clinical presentation. To estimate the incidence of tinnitus and to describe patient-related characteristics such as lifestyle factors and comorbidities. Patients and methods: Using the Clinical Practice Research Datalink, we calculated incidence rates of first-time diagnosed tinnitus in an adult population between 2000 and 2016. We stratified incidence rates by sex, age, and year of diagnosis. Additionally, we performed a 1:1 matched case-control study comparing body mass index, lifestyle factors and selected comorbidities between patients with incident tinnitus and tinnitus-free controls. Results: We identified 109 783 adults with a first-time diagnosis of tinnitus between 2000 and 2016, yielding an overall age-standardized incidence rate of 25.0 new tinnitus cases per 10,000 person-years (95% CI: 24.6-25.5). There was a steady increase in tinnitus incidence throughout the study period. Approximately 80% of tinnitus cases were diagnosed at age 40 years or older. We observed the highest incidence rate in individuals aged 60-69 years (41.2 per 10,000 person-years, 95% CI: 40.7-41.7). Smokers and alcohol drinkers were at lower risk of being diagnosed with tinnitus compared with non-smokers and non-drinkers, respectively. The occurrence of tinnitus was strongly associated with a recent diagnosis of several otological and vestibular disorders as well as head and neck disorders. Conclusion: The present observational study found an increasing incidence of tinnitus over time, emphasizing the continuously growing health burden. The findings on patient characteristics, lifestyle factors, and selected comorbidities contribute to a better understanding of risk factors for tinnitus.
Introduction
Patients suffering from subjective tinnitus experience a perception of sound in the absence of an external source. It is a symptom audible only to the patient, and not to the examiner. [1] [2] [3] The nature of tinnitus varies and is described as ringing, buzzing, clicking, hissing, roaring, humming, or pulsations. The manifestation differs considerably in severity, ranging from mild to very bothersome. 4, 5 A severe, persistent form commonly introduces comorbidities such as sleep disturbance, anxiety or depression, and as a consequence substantially affect the patients' quality of life. [6] [7] [8] [9] Tinnitus is a frequent symptom in the developed world. Nevertheless, there is no universal definition, and as a result epidemiological studies report a wide range of prevalences extending from 5.1% to 42.7%. 10 In the United Kingdom (UK), a large observational study reported an incidence rate of 5.4 cases of clinically significant tinnitus per 10,000 person-years, 11 and another study estimated the annual healthcare burden of tinnitus-related costs to be £750 million in the National Health Service (NHS). 12 A similar study in the Netherlands attributed €1.9 billion of direct health care costs to tinnitus, whereas the total cost of illness (health care costs, productivity losses, and out-of-pocket costs) was considerably higher amounting to €6.8 billion. 13 The pathophysiology of tinnitus is not fully understood, 14 however, there has been remarkable progress in recent years. Results from animal studies, mainly in rodents, complemented by imaging studies in humans suggest various underlying mechanisms affecting auditory and non-auditory brain areas, as well as the interaction between the auditory and the somatosensory structures. 15, 16 Based on these pathophysiological concepts, various therapeutic compounds (mostly approved for other indications) were tested in tinnitus patients. Despite this substantial effort, clear evidence for an effective pharmacological treatment is still lacking. [16] [17] [18] The difficulty to demonstrate replicable significant clinical benefit may be explained by the heterogeneity of tinnitus (in terms of perception, distress, concomitant comorbidities and risk factors, as well as the underlying etiology). [19] [20] [21] Thus, to date guidelines do not recommend any specific drug therapy. 2, 15 More research is required to gain a deeper understanding of the disease and a better characterization of affected patients, including lifestyle factors and common comorbidities
In this population-based study, we estimate the incidence of tinnitus recorded by general practitioners (GPs) in the UK from January 2000 to December 2016, and describe patient-related characteristics with respect to demography, lifestyle factors and comorbidities compared with persons without tinnitus.
Materials and methods

Data source
We used primary care data derived from the Clinical Practice Research Datalink (CPRD) obtained under license from the UK Medicines and Healthcare products Regulatory Agency (MHRA). The CPRD is an anonymized database created in 1987 that contains ongoing medical records from over 11 million patients provided by approximately 700 GP practices throughout the UK. 22 Recorded data include patients' demographics, lifestyle factors, diagnoses, signs and symptoms, treatments, test results, and referrals to secondary care. [22] [23] [24] CPRD patients represent the general UK population with respect to sex, age and ethnicity. 22 Several studies have reported on the high quality and validity of the database. 23, 25, 26 The Independent Scientific Advisory Committee (ISAC) for Medicines and Healthcare products Regulatory Agency database research (MHRA) approved the study (protocol number: 18_024R) and the study protocol was available to the journal and reviewers.
Study design and study population
We established two separate study populations. First, we conducted a retrospective cohort study to quantify incidence rates (IRs) of first-time diagnosed tinnitus. Therefore, we included all adult patients who were present in the CPRD population between 2000 and 2016 and who had a minimum active history in the CPRD of 3 years prior to cohort entry. We excluded patients if they had a recorded diagnosis for malignant cancer or HIV/AIDS prior to cohort entry.
Second, we conducted a separate case-control study, for which we identified all patients in the CPRD with a first-time Read code for tinnitus at the age of 18 years or older between January 1st, 2000 and December 31st, 2016 (cases). Like in the cohort study, we excluded all patients with less than three years of recorded history in the CPRD prior to the date of the first tinnitus diagnosis (index date) to minimize outcome misclassification be including prevalent tinnitus cases. In addition, we again excluded patients with any record of malignancy or HIV/AIDS prior to the index date, as these patients may receive specialized care and often suffer from various additional comorbidities.
We matched each tinnitus case to a randomly selected control patient who did not have a recorded diagnosis for tinnitus in the CPRD medical record. Cases and controls were matched on sex, age, general practice, years of history in the CPRD, and calendar time and we applied the same exclusion criteria to controls as we did to cases.
Statistical analysis
In the cohort analysis, we calculated crude and age-standardized IRs (ASR) of first-time diagnosed tinnitus in the CPRD population by dividing the total number of incident tinnitus diagnoses by the person-years (PY) at risk overall as well as stratified by age, sex, and year of diagnosis. We assessed PY at risk by summing-up person-time between cohort entry and the end of follow-up, which was defined as the earliest out of the day of a first-time diagnosis of tinnitus diagnosis, death, leaving the practice, or December 31st, 2016. Age-standardization was performed using the European Standard Population published in 2013 by Eurostat, the Statistical Office of the European Union. 27 In the case-control analysis we conducted conditional logistic regression analyses to calculate odds ratios (ORs) with 95% confidence intervals (CIs) for the following exposure groups: BMI (<18.5, 25.0-29.9, ≥30.0, and 30.0-34.9, 35.0-39.9, ≥40 kg m −2 , unknown, compared to normal BMI [18.5-24.9 kg m −2 ]), smoking (ex-smokers, current smokers, unknown smoking status compared to non-smokers) and alcohol consumption (ex-drinkers, current drinkers subdivided in units per week, unknown status, compared to non-drinkers). Furthermore, we investigated the association between tinnitus and selected comorbidities (systemic somatic diseases and neurological/psychological disorders, otological and vestibular disorders, and head and neck disorders) overall as well as stratified by sex. For otological or vestibular disorders as well as for head and neck disorders, we also considered the amount of time between the last record of the respective condition and the index date (≤30, 31-360 days or >360 days prior to (including) the index date). All covariates were assessed prior to the index date.
We adjusted all OR for smoking, alcohol consumption, and BMI. We did not adjust for any other comorbidities due to the descriptive nature of this analysis.
For confidentiality reasons, we do not provide the number of patients in categories containing less than five patients.
We performed all analyses using SAS 9.4 software (SAS Institute, Cary, North Carolina, USA). Statistical significance was set at the alpha level of 0.05.
Results
Characteristics of the study population
We identified 109,783 adults with a first-time recorded Read code for tinnitus between January 2000 and December 2016. There was a similar number of males and females. The mean age was 54.7 years (standard deviation [SD] ±15.9), though women were slightly older than men at the time of diagnosis (55.7 [SD ±16.5] and 53.6 [SD ±15.2] years, respectively). Approximately two thirds of the tinnitus cases were between 40 and 69 years of age at first recording of tinnitus (Table 1 ).
Incidence rates (IRs)
Age-standardized IR (ASR) of first time GP-recorded tinnitus was 25.0 per 10,000 PY (95% CI: 24.6-25.5), and rates were similar for men (ASR of 25.7, 95% CI: 25.0-26.4) and women (ASR 24.7, 95% CI: 24.0-25.3 per 10,000 PY). The IRs increased with age and were highest in the age group 60-69 years (41.2 per 10,000 PY, 95% CI: 40.7-41.7, Figure 1 ). During the course of the study period, we found a steady increase in the incidence of tinnitus, which was similar in men and women ( Figure 2 ) as well as in younger and older adults (<30 years and ≥30 years of age; data not shown). IRs stratified by sex, age group, and year of diagnosis (age-standardised and crude incidence rates) are provided in the Table S1.
Lifestyle factors
We observed an adjusted ORs for diagnosed tinnitus of 0.91 (95% CI: 0.89-0.94) in obese patients (BMI ≥30.0 kg/m 2 ), and an adjusted ORs of 0.91 (95% CI: 0.84-0.97) in underweight patients (BMI <18.5 kg/m 2 ), when compared to individuals of normal weight.
Compared with non-smokers, current smokers were at a reduced risk of being diagnosed with tinnitus (adj. OR 0.78, 95% CI: 0.76-0.80). Overall, current alcohol drinkers had a minimally decreased risk compared to nondrinkers. However, the effect became stronger with increasing levels of alcohol consumption (in consumed units of alcohol per week, Table 1 ).
Comorbidities Internal diseases and neurological/psychological disorders
We observed an increased risk of being diagnosed with tinnitus in patients with insomnia (adj. OR 1.45, 95% CI: 1.41-1.49), anxiety (adj. OR 1.39, 95% CI: 1.35-1.42), and depression (adj. OR 1.31, 95% CI: 1.28-1.34). We found a decreased risk of being diagnosed with tinnitus in patients with dementia (adj. OR 0.43, 95% CI: 0.37-0.50), Parkinson's disease (adj. OR 0.63, 95% CI: 0.54-0.74), and schizophrenia (adj. OR 0.76, 95% CI: 0.69-0.85). No association was found between tinnitus and seizures/epilepsy or multiple sclerosis.
Cardiovascular comorbidities (arrhythmia, hypertension, myocardial infarction, congestive heart failure, and stroke/ transient ischemic attack) did not reveal any meaningfully increased or decreased ORs. Diabetes mellitus revealed a decreased adjusted OR of 0.85 (95% CI: 0.83-0.89), whereas other metabolic diseases (hyperlipidemia, hypothyroidism, and hyperthyroidism) were not associated with the risk of being diagnosed with tinnitus.
Irritable bowel syndrome and fibromyalgia were statistically significantly associated with the risk of being diagnosed with tinnitus (adj. ORs 1.56, 95% CI: 1.51-1.61, and 1.54, 95% CI: 1.42-1.67), whereas ORs for asthma, COPD, and rheumatoid arthritis were not associated ( Table 2) .
Stratification by sex did not reveal meaningful effect modification for the risk of tinnitus in association with mental health and other comorbidities (Table S2 ).
Otological and vestibular disorders
Having a medical history of various otological or vestibular disorders was associated with a higher risk of being diagnosed with tinnitus. All inner ear conditions evaluated were found positively associated with tinnitus. This included common conditions such as ear infections (labyrinthitis, otitis media, or otitis externa) and cerumen, as well as rarer conditions such as sensorineural or conductive hearing loss, acute vestibular neuritis or benign positional vertigo. These observed associations were stronger when the comorbidities were closer in time to the index date ( Table 3 , stratified by sex in Table S3 ). 
Head and neck disorders
Similarly, tinnitus patients were more likely to have a prior diagnosis of head and neck disorders compared with controls. Risk estimates were particularly increased if these diagnoses were recorded within one month before the ID. We found elevated ORs for tinnitus in patients with Table 4 , stratified by sex in Table S4 ).
Discussion
In this large case-control analysis, we assessed incidence rates of GP-recorded tinnitus in the UK over time, and we characterized life style parameters as well a large range of comorbidities in tinnitus patients. The direct comparison of tinnitus cases with a randomly selected, matched sample of tinnitus-free patients allowed us to characterize which factors were more and which less frequently observed in tinnitus patients compared to controls, without any claim that such observed association are necessarily causal.
Incidence rates
Between 2000 and 2016, we calculated an overall crude IR of GP-reported tinnitus of 24.3 cases per 10,000 PY. IRs for men and women were comparable, which is consistent with results of previously published studies although there is no general consensus in the field. 4, 11, [28] [29] [30] We observed that IRs increased with age, were highest between age 60-69 years, and decreased subsequently thereafter. This pattern has been reported by others. 4, 11, 28 It is hypothesized that, with increasing age, the importance of tinnitus in a patient's overall health burden declines, and the ability to cope with symptoms grows. 28, 31 Another theory is that tinnitus may be associated with cardiovascular disease, and that patients with cardiovascular diseases are more likely to die, whereby those who survive are less likely to develop tinnitus. 28 However, we did not find a marked increase in tinnitus risk associated with previous cardiovascular diseases, and exploring cardiovascular mortality was not the goal of this study. We observed a substantial rise in the annual IRs during the study period from 18.3 per 10,000 PY in 2000 to 34.2 per 10,000 PY in 2016. Over the past two decades, other studies also reported increases in rates of hearing disorders including tinnitus in adolescents and young adults, possibly due to higher exposure to loud music in bars, concerts, discotheques and from personal electronic devices. [32] [33] [34] However, our analysis yielded no difference between young adults below 30 years of age and older adults with respect to the pattern of IRs over time. Other explanations for the rise in tinnitus incidence include more demanding health expectations, and a higher awareness of symptoms over time. 11, 35 The precise IRs reported in the literature vary due to differences in study periods, regions, and case definitions. We included all patients with GP-reported tinnitus, whereas other authors exclusively focused on i) clinically significant tinnitus defined by Martinez et al, 11 ii) self-reported tinnitus symptoms lasting for at least five minutes 4 or iii) selfreported tinnitus symptoms in the last year of at least moderate severity or leading to sleep disorders. 28, 36 These differences likely explain the higher IRs observed in our study.
Lifestyle factors
We found that obese patients were not at increased risk of developing tinnitus, as did three previous cross-sectional studies [37] [38] [39] and a cohort study. 36 On the contrary, our data suggest a slightly lower risk in obese as well as in underweight patients, though the ORs were very close to the null.
We observed an inverse association between current smoking and tinnitus. The same was found in a crosssectional study using the UK Biobank resource for persistent tinnitus, but not for transient tinnitus. 39 An Italian study published in 2015 reported a comparable trend, but due to the small study population the results did not meet statistical significance. 40 In contrast, other studies have reported an increased risk of being diagnosed with tinnitus among smokers. 34, 36, 41, 42 A variety of possible causes of tinnitus as well as differences in the study designs and respective study populations may contribute to these contradictory results. 15 Current alcohol consumption was also inversely related to tinnitus, which is consistent with the findings of several other studies. 29, 36, 40 It has been hypothesized that alcohol exerts a favorable effect on microvascular health in the cochlea. 29 Another explanation is that tinnitus is underreported in patients with unhealthy lifestyles who may be more likely to suffer from more pressing health-related problems and may not discuss tinnitus with their GP.
Comorbidities
Our analyses yielded a statistically significant association between prevalent anxiety, depression, and insomnia, and the risk of developing tinnitus. It is well known that these disorders have a negative impact on quality of life and on severity of tinnitus, [7] [8] [9] and they are also often a consequence of bothersome tinnitus. 5, 7, 34, 43 Some studies have also found that anxiety and depression can precede tinnitus, 34, 44, 45 and parallels in pathophysiology have been noted. 8, 9, 46 In this study, however, we were careful to establish that the depression-related disorders occurred before the tinnitus diagnosis. It has previously been suggested that tinnitus is associated with greater mental health burden in women than in men. 47 A prior cross-sectional study further reported a statistically significantly increased risk of suicide attempts in women with severe tinnitus, but not in men. 48 The absence of any meaningful effect modification by sex for the association of the risk of tinnitus and mental health and other comorbidities may thus reflect that women with mental health diseases are not per se at an increased risk of developing tinnitus compared to men; however, they may suffer more distress from co-existing tinnitus and mental health diseases. Further research is needed to evaluate this potential association.
Our finding of decreased ORs, especially in patients with a diagnosis of dementia, Parkinson's disease or schizophrenia, could be explained by underreporting due to more serious health-related problems or due to difficulties in communication.
Impairment of the auditory system seems to be an important underlying mechanism of tinnitus. 14, 29 It is assumed that hearing impairment may induce tinnitus by initiating changes on a cellular and structural level in the brain This involves changes within the central auditory system as well as within non-auditory systems. 14 Our results showed that hearing loss, in particular sensorineural hearing loss, and ear infections were highly associated with tinnitus. Previous studies also found this association, and they have also shown that concomitantly occurring hearing loss may be considered a predictor for tinnitus severity. 28, 49 Another proposed mechanism of somatosensory system-related tinnitus involves pathological processes of musculoskeletal structures of the head and neck, 4, 28, [50] [51] [52] [53] [54] such as functional disorders of the cervical spine or neck and the temporomandibular joint. 37, [55] [56] [57] [58] Changes in the neuronal activity of the dorsal cochlear nucleus or between somatosensory and auditory systems seem to play an important role in this subtype of tinnitus. 59 A meta-analysis of eight cross-sectional studies in patients with temporomandibular joint disorders identified tinnitus as a common symptom in over 50% of patients. 58 The results of our study were similar, with a large proportion of tinnitus occurring in patients suffering from tension headaches, migraine, cervicalgia, whiplash, concussion, or cranial nerve disorders.
The highest rate of tinnitus among patients with otological and vestibular disorders as well as head and neck disorders, occurred shortly after the recording of the respective disorder which supports the possibility of a causal association.
Study limitations
When interpreting the results of this study, we took several limitations into account. First, tinnitus is usually a subjective phenomenon, and the diagnosis is based on self-reporting. Case validation is difficult without uniformly followed standardized procedures 60 and the availability of questionnaires or referral letters. To our knowledge, the tinnitus diagnosis has not been validated in the CPRD, as this is virtually impossible, since tinnitus is a self-diagnosed condition that cannot be confirmed as yet with objective diagnostic procedures; thus, there is likely to be some case misclassification in this study. However, the large sample size of the present clinical data may compensate for such misclassifications. Second, tinnitus severity is mostly mild, and only 10 to 52% of individuals who experience tinnitus discuss this symptom with their GP. 4, 5, 50 Therefore, GP-reported tinnitus does not capture all cases, and the true rates are likely to be higher than those presented in our study. Nevertheless, the numbers reflect those cases that present to the GPs in real life in the UK. Third, GPs do not systematically record tinnitus characteristics such as severity, duration, or impact on patients' quality of life. Therefore, it was not possible to carry out detailed analyses to account for these factors or to distinguish between clinically important or less important tinnitus, or between acute or persistent tinnitus. To date, there is no generally accepted definition to consistently 10 grade tinnitus severity, and the approaches used in the different studies vary. 4, 28, 30, [36] [37] [38] 50 Finally, a first-time tinnitus diagnosis does likely not coincide with the actual disease onset in a proportion of cases since patients may not seek medical attention immediately.
Conclusion
We investigated the epidemiology of GP-recorded tinnitus in a large sample of the UK population. IRs increased considerably over time in men and women, emphasizing a growing health burden. Recent diagnosis of several otological and vestibular as well as head and neck disorders was strongly associated with the risk of developing tinnitus. However, we cannot derive causality from these analyses, as we did not intend to run an etiologic study, but rather to descriptively characterize tinnitus patients with regard to life style parameters and comorbidities. These observations may support doctors when diagnosing tinnitus and when putting life style and comorbidity patterns of individual patients into perspective of a large population-based assessment. 
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